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Bureau of Aeronautics, Navy Devartment

MR No. I5L11
THO-DIMENSIONAL WIND-TUNNEL INVESTIGATION OF TWO NACA LOW-DRAG
ATRFOIL SECTIONS EQUIPPED WITH SLOTTED FLAPS AND A PLAIN
NACA LOW-DRAG ATRFOIL SECTION Foﬁ XFEU-1 AIRPLANE

By Lawrence K. Loftin, Jr;, end Fred J. Rice, Jr.
SUMMARY

A two-dimensional wind-tunnel investigation was
conducted to determine the asrodynemic characteristics
of the NACA 65(p15)-11L eirfoil (root section), the

NACA 65y-212, a = 0.6, airfoll (tip section), and an

Intermediate airfoil section of the Chance-Vought

XF6U-1 airplane. The root and intermediate airfoil
sections were equipped with 25.92~percent airfoil-chord
and 33%,62-percent airfoil-chord slotted flans. The
optimum angular flap deflection for maximum 1ift was

found to be 0% and maximum 1ift coefficlents corre-
sponding to this deflection were 2.63 and 2.80 for the
root and intermediate sections at a Reynolds number of

9 X 100, The use of a I.° cruisins flap deflection caused
the 1lift coefficient correspending to the unper limit of
the low-drag range to increase from 7.% to O.l. for the
root section and from 0.35 to 0.5 for the ingermediate
section, both at a Reynolds number of 9 X 10%, On both
airfoils the increment in minimum drag coefficient '
caused by the 1° flap deflection,was apnroximately 0.001
at a Reynolds number of 2.0 X 106.
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TETRODUCTT ON

At the request of the Bureau of Aeronautics, Navy
Department, tests were conducted in the Langley two-
dimensional, low~turbulence tunnels of three 2i-inch-
chord airfoil models representing the rcot and tip
airfoil sections and an intermediate airfoill section of
the proposed Chance-Vought XF6U-1 airplane. The airfoils
tested were the NACA 65(215)-11li (root section), the
NACA 651-212, a = 0.6 (tip section), and an intermediate
section taken at approximately 55 percent of the semi- -
span. The models of %the root and intermediate scctions
- were eqguipped with slotted flaps. -

The tests included the determination of the aero-
dynamic characteristics of the three plain airfoil
sections in hoth the smooth condition and with standard
roughness applied to the leading edge. Lift tests of
the root and intermediate airfoil sections were made for
a range of flap deflections extending from 0° to 50°,
Mest of the data wers obtained at a Reynolds number of
9 X 10° although comparison tests wgre conducted at
Reynolds numbers of 1 x 106, 3 x 109, and 6 x 100,

COEFFICIENTS AdD SYMBOLS

c basic airfoil chord with flap retracted
and neutral

q free-stream dynamic pressure
2 airfoil section 1ift
d airfoll section drag
me /1y airfoil section quarter-chord pitching moment
ey airfoll section 1ift coefficient,'é%

. . . ﬂ . Umax
Clmax maxXimum airfoil section 1ift coefficlent, To
cq airfoil section drag coefficient, e

ac
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cmc/h airfoil section yuarter-chord pitching-moment

coefficient, —e/k |
qe?

Cmy o airfoil section pitching-moment coefficient
* *
; . . fa,.c.
ahout the aerodynamic center, -
qc?
dq " airfoll section angle of attack
6 flap deflection with respect to airfoil chord
R ‘ airfoil section Reynolds number

PR

MODELS

The airfoil sections for vh;ch data were- deSLred
consisted of the NACA 65(215) -11l (root section), the

Ja0A 651-212, a = 0.6 (tip section), and an intermediate
airfoil section taken ‘at apwrox1mately 55 percent of the
semispan. The root and intermediate airfoil sections
were equipned with slotted flapq of 25.92~ and 33 .62~
percent airfoil chord, r.s>ectively. 'Tue rosalting chiord
sizes correspond to a fldp of constant chord length on
the three-dimensional wing. With the flaps In the
retracted position, the airfoll slot 1lip was located at
0.9150¢c and 0.8822c¢ on the root and intermediate airfoil
sections, respectively

he 2li-inch-chord models’ of the three airfoil
sections tested were constructed of laminated mahogany.
The surfaces were then painted and sanded with number 400
carborundum paper to produce an aerodynamically smooth
finish, Ordinates of the three airfoil sections are
presented in tables I, II, and III. The flaps were cut
from dural and were finished in a manner simllar to that
described for the plaln airfoil models. Drawings of the
root and intermediate airfoils sections with flap deflected
are presented in figures 1 and 2 togethcr with the flap
ordinates and the dimenslons locating the flap at the
prescribed positions corresponding to the angular deflec-
tions tested., The flap paths used were designated by
the Chance-Vought Corporation., A drawing of the tip
section is shown in fisure 3, : ,
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TESTS

The tests of the three airfoil models were conducted
in the Langley two-dimsnsional low-turovulence pressure
tunnel (dest "nated TDT) and the Lang 1e& two-dimensional
low-turbulence tunnel (des*wuaued LT Both of these
tunnels have test sections which neasureB feet by 7.5 feet;
the models, when mounted, completely span the 2-foot
dimension with the junction between the model and tunnel
walls sealed. Iift measurements were obtalined Dy inte-
grating the pressure reaction on the floor and celling
of the tunnel. Drag coefficients were determinsd by the
wake-survey method, and the {uarter-chord ﬁltc111~—moment
coefficients were measured with a toryue balance. All
coefficients were calculated using the basic airfoil
chord with flap retracted and nputr 1. A more complete
description of these tunnels and the methods emplored
for ottaining and reducing the experimental data is
contained in reference 1. The following formulas derived
from reference 1 were used to correct tne tunnel data to
free- a"f conditions:

cy = O.9760L!
cg = 0,991cy!
g = 1.05%4q!
Qg ? 1.015a4"!

Lift and arag results were obtained for the three
plain alrf01l se Lwons in tne smooLn condition at Reynolds
numbers of 1 x 106, 3 x 106, 6 x 100 aad 9 x 106, Lift
and drgr were also measured at a Reynolds number of
6 x 100 with standard roughness (reference 1) apnplied to
the leading edge of the model., The pitching-momsnt
characteristics of the thres .aodels in the swooth con-
dition were determined at Reynolds numvers of 7 X 10
6 x 106, and 2 x 106, ‘

Lift results were obtained for the roct and inter-
mediate asirfoil sections in the smocth condition throug“
a ranre of flap deflections extending fron 09 to 50°
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The 11ft characteristics of these two airfoils were also
determined with the flap fully extended but not deflected,
and with the flap partially extended and deflected LO°,
The latter configuration was intended to be used as a
cruising deflection for the full-scale airplane.  The
Reynolds nunber” of most of these tests was 9 X lO6 how=
ever, the effect of increasing the Reynolds number from .
1 x 106 to 9 x 106 was determined for the airfoils with
jo° flap deflection, 0° full extended configuratlon,

and 4O cruise-condition,  Tests were also made at &
Reynolds number of 6 X 106 with the flap deflected 40O
aqd standard r0u ghness applied to the leading edge.

rstchlnr—moment characteristics were determlned for
both models at flap deflections of 40 azd 1.0,  The
Réynolds number  of the tests was 6 x 100 with the flao
deflected AO and 9 X 106 for the. uo defloctlon. B B

Drag résults were obtained for onlv one flap aeflec-
tion, the L° (partially extended) cruise confijuration.
The data were ob+aiwed at Reyno1ds nuqoers of l X 10 and

9 x 106
RESTLTS AND DISCUSSION

‘Plap retracted.,- The results of tests of the three
plain airfoil sections are presented in figures L, 5, and 6.

A comparlson of these resalts indicatcs chat at a Reynolds

number of 9 X 106 all three sections’ have approximately
‘the same maximum 1ift coefficient. 'Decreasing the Reynolds

number from 9 X 106 to 3. % 106 appears to cause a decrs-
ment in maximum 11ft coegfficient of about 0.1 for the
}_intermedlate and tip sections, and 0.05 for the root sec-
tion. A further decrease in Reynolds number from 3 x 10
to 'l x 100 results in a decrement of approximately 0.35
in the maximum 1lift coefficient for all three SG”thHS.
It is inteoresting to note that the maximum 11ft coef-
‘1c1en§s of the swoo*h gsections at a Reynolds number of

1l X 109 i3 of tuC same order of nlcu%e as those

obtained st a ‘Revnolds number of 6 X 100 with standard
roughness apolled 10 the airfoil lesdxng edge.

.The minimum drag coefficient of fﬂe three smooth
sections is seen to be approximately O OOMO at a Reynolds
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number”of 9 X 106 'As the Reynolds number decreases from

S X 106 to 3 X lO6 the minimnum drag coefficient increases
by an incremsnt of annroXLmatelv 0.,0010 for the root and
intermediate sections and 0,0005 for the tip section.

The most adverse effect of decreaslnb.Reynolds number is,
however, evident outside the range of 1ift efficients
corresponding to low-drag, Decrna ing the neynoldo number
to 1 x 106 results in a further increase in drag, with the
most pronounced increase again appearing outside the low-
drag range of 1lift coefficlents. The low-drag range
increases somewhat with decreasing Reynold number and

as might be expected, is sligntly swaller for the tip
section than for the rocot and intermediate sections. The
minimum drag coefficient is approximately 0.0090 for all
three sections in the rough condition; however, the drag
increase with 1ift coefficient is more severe for the tip
and intermediate sections than for the root section.

Flap deflected.- The 1ift, characteristics correspond-
ing to a Reynolds number of 9 X 1C% and a range of flap
defl“ctlons ey%erdLnﬁ from OO to 50° are presented in
ficures 7 and 8 for +he root and ¢ntbrmedLate airfoil
sections., In order to facilitaie ana1y51s tne values of
the maximum 1ift coefficients presented in Ilmures 7 and &
have been replotted in fijure 9 as a function of flap
deflection, The values of the mazximmm 11ft cosefficient
obtained with the 0° (full extended) and l°© (partially
extended) flap configuratlion have uot been I 1cluded in
this figure. The data shown in fipure ¢ indicate thsat
the deflection for highest maximum 1lift coefficient is
aprroximately [J0° for both alrfoil sections. The inter-
mediate alrfoil section has a maximum 1lift coefiicient
at a flap deflection of 409 aODPOXdetelJ 0.17 higher
than the value 2,63 ovualned for tiie root Gecthn. The
higher maximum 1ift coefficient of uthe intermediate air-
foil section probably results from the greater flap chord
employed with this section. These values of the maXimum
1ift coefficient are considerabn ly hetter than tne value
2. 36 ortained with a 0.20c simulated split flap deflected
60 vhich was tested with these same two airfolil geptlons,
but are less than the value 3.00 obtained with a é~series
alrfoil section of approximately lli-percent tniCnnGSS
having a double-slotted flap {(reference 2),.

A comparison of the resulfs presented in figures 7
and 8 shows that the maximum 1ift coefficient “O“PQSOOHdLHS
to the LO ( partially extended) "cruise® deflection is
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approximately 0.1 lower than that obtained for the 0°

(full extended) configuration on both the root and inter-
mediate airfoll sections, The results presented in
figures 7 and 8 also show that extending the flap causes

an increase in lift-curve slope over taat of the plain
airfoil. The use of the plain airfoil chord length in the
determinaticon of all 1lift coefficients causes thisg apparent
increase in lift-curve slope.

The results of teSuS of the root and intermediate .
airfoll sections with ! Oo flap deflflection are presegted-
in figures 10 and 11 for evgolds numbcrs of 1 x 10 '
3 X 106 6 x 106 and 9 X 10 and for a Reynolds number

of 6 x lO6 with standard roughncss applied to the airfoil
leading edge. Included also in these figures.are the

data obtained at Reynolds numbers of 1 X lO6 and 9 X 106
for the l|° (partially extended) flap deflection and ‘the
00 (full extended) flap configuration. The maximum 1i £t
coefficlent obtained with the [J0° flap deflection appears
to suffer little gs the Reynolds numoer is decreased from
9 X 10° to 3 x 10°; however, %ecreasing the  Reynolds
numoer from 3 X 10° to 1 x 10® results in a decreément in
maximim 1ift coefficient of approximately 0,32 for the
intermediate section and 0.47 for the roct section. The
decrement in maximum 1ift coefficient on both plain air-
foils for a decrease in Reynolds number from 3 x 100 to

1 X 109 was of the order of 0.35., As has been noted in
tests of an airfoil ejuipped with a double-slotted flap
(reference 2), the angle of zero llft decreases with
decrea51ng De"nolds number . :

For the root and ntermedlate sections, the decrements
in maximum 1ift coefficient resulting from standard
leading-edge roughness are 0.06 more and 0.13 less,
respectlively, for the airfoils with L0° flap deflection
than for the plaln airfoil, This result. secms to agree
with the data presented in reference 2 which shows that
for an alrfoil approximately 1l -percent thick ejuipped
with a double-slotted flap the decrement in maximum
1ift coefficient resulting as a 00nscquence of standard
rovghness is approximately the same for the plain alrfoll
as for the airfoil with flap deflected., 4is was noted
with the plain ailrfoils, the maximum 1ift cdefficiehtz
of the smootlh sections at a Reynolds -number of 1 X 10
are nearlv'the s%me as those obtained at a Reynolds
number of x 100 with standard leading-edge roughness.,
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Drag data corresponding to Reynolds nurmbers of
1 X 10° and 9 X 10° are presented in figure 12 for the
root and intermediate airfoil sectiong with the I°
(nartially extended) flap deflection. Comparison of
these data with those obtained for the nlain alrfoll
shows that the flap causes an increment in minimum drag
-ooefficiegt of apnroximately 0.,0010 at a Reynolds number
of 9 X 10° on both sections, At this same Reynolds -
number, the use of the 4O flap deflection causzd the 1ift
coefficlent corresponding to the upner limit of the low-
drag rance to increase from 0.3 to . for the root
section and from 0,35 to 0.5 for thie intermedieate section.

The pitching-moment characteristics of the two alr-
foils with flan deflections of L° (partially extended)
and 1,0° are presented in ficure 13. A comparison of
these data with those in reference 2 for a b-series air-
foil equinned with a double-slotted flap indicates that
for 1lift coefficients up to the stall the pitching-
moment coefficlents are considerably less for the air-
foil with the slotted flap. . ’

CONCLUSIONS

The results of a two-dimensional wind-tunnel inves-
tigation of two NACA 65-series airfoil sections of
approximately 1lli- and 13-percent thickness and equipped
with 25.92-percent airfoil chord and 33, 62~percent alr-
foil chord slotted flaps, respectively, and a nlain
airfoil section indicate the following conclusions:

1. The optimum flap deflection for maximum section
11ft coefficient was [j0° for both of the airfoll sections
equinned with slotted flaps.

2, The highest values of the maximum scction 1lift
coefficient obtained were 2.63% for the lhi-nercent thicl:
airfoil section with the 25.72-perccnt alrfeil-chord
slotted flap, and 2.&2 for the enproximately l3-percent-
thick airfoil section with the %7.52-vercent airfoll-
chord slotted flap. '
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3. At a Reynolds number of 9 X 106 the use of a
Li° cruising flap deflection caused the 1ift coefficient
corresponding to the upper limit of the low-drag range
to increase from 0.3 to O.,lL for the root section and
from 0.35 to 0.5 for the intermediate section., On both
airfoils the increment in minimum drag coefficlent
caused by the L}° flap deflectionéwas approximately 0,001
at a Reynolds number of 9,0 x 10°,

Langley Memorial Aeronsutical Laboratory
National Advisory Committee for Aeronautilcs
Langley Field, Va,
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Figure 7.— Lift characteristics at various flap deflections of a root
airfoil section equipped with a slotted flap for the Chance—Vought

XF6U-1 airplane. R.= 9 x 10%; test, TDT 9lk.
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Figure 8.— Lift charecteristics at various flap deflections of the
NACA 65(215)—llh airfoil (intermediate section) equipped with a

slotted flap for the Chance—Vought XF6U~1 airplane. = 9 x 106;
test, TDT 915.
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Figure 10.- Lift characteristics at several Reynolds numbers and
flap deflections of the NACA 65 51c)~11L airfoll (root section)
eQuipped with a slotted flap for the Chance-Vought XF6U-1 airplans.

Tests, TOT 915 and LTT 418.
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Figure 1l.,~- Lift characteristics at several Reynolds numbers and
flap deflections of an intermediate airfoll section eQquipped with
a slotted flap for the Chance-Vought XP6U-1 airplane. Tests,
™T 914 and LTT L419.
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Flgure 12.- Drag characteristics of two configurations of the

NACA 5(215)- 1 airfoil (root section) and an intermediate

alrfoll section, both equipped with a slotted flap, for thc
Chance-Vought XF6U-1 airplane. Tests, TT 91, and 915, and

LTT 417 and 418.
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